The management of the subsurface and surface water resources is important for various purposes. Since the quantity and quality of water available for irrigation in India is variable from place to place, groundwater quality in the Dimbhe command area was evaluated for its suitability for domestic and irrigation purposes by collecting 37 dug well samples during the post monsoon period of 2014. The suitability assessment was made by estimating pH, electrical conductivity, total dissolved solids, and alka- 
Introduction
Groundwater is a limited water resource, but requirement of water is increasing day by day. Where surface water is not available due to high slope area or feasible for consumption, the groundwater potential is suitable in quantity or quality. The contamination of groundwater cannot be polluted easily ascompared with surface water because it is protected naturally, so it is more reliable [1] [2] . Irrigation is a dominant sector in the River Ghod, Maharashtra, India. Journal of Geoscience and Environment Protection, 4, economic development of India, as it is the source of more than 60% of irrigated agriculture and 85% of drinking water supplies are dependent on groundwater and the dependence on groundwater has increased tremendously in recent years in many parts of India, especially in the arid and semi-arid regions, due to the uncertaintyof monsoon and the scarcity of surface water [1] [2] [3] . Even though the quantity and quality of water available for irrigation is different in several parts of the world [1] - [6] and many groundwater exploitation schemes in developing countries like India are designed without due attention to quality issues [7] [8] [9] [10] . A number of studies on groundwater quality with respect to irrigation purposes have been carried out in different parts of India [1] [2] [3] [7] [8] [9] [10] . So far, the geochemistry and the suitability of the groundwater for drinking and irrigation purposes in the Dimbhe command area has not been studied in great detail. Since groundwater is intensively used for drinking and irrigation purposes, an effort is made in this paper to determine the groundwater suitability for same.
Study Area
The River Ghod of Dimbhe command area is one of the major tributaries of River Bhima in the northern Maharashtra that subsequently joins the River Krishna. It flows in an east-southeast direction for approximately 200 km before its confluence with the River Bhima. The Dimbhe dam is situated on the Ghod river basin (Figure 1 ). The River Ghod has its origin in the eastern slopes of the Western Ghats at approx. 1190 meters (3580 feet) above sea level. The Dimbhe dam lies in the Ambegaon Taluka of Pune district in the state of Maharashtra.
The study area is covered in the survey of India toposheets 47 E/12 and 47 E/16, with a command area under consideration of 281 km 2 
Material and Methodology

Data Collection
A total of 37 groundwater samples ( Figure 1 ) were collected in the command area of the Ghod River basin during the post-monsoon season in November 2014. The water samples were collected in one liter capacity pre-washed poly-ethylene containers. For trace element analyses, water samples were collected separately in 100 ml pre-washed poly-ethylene containers and acidified with 0.5 ml conc. HNO 3 . Simultaneously, static water levels, depth of wells, pH and Electrical Conductivity (EC) and Total dissolve solid (TDS) were recorded at the time of sampling. GPS readings were taken for loca- tion and altitudes. Observations were also carried out regarding local geology, rock type, aquifer type and degree and depth of weathering/fracturing/jointing pattern from dug wells sections and outcrops exposed in the field.
Sampling and Data Analyses
The major anionic (Bicarbonates ( 
) and other parameter like Total hardness (as CaCO 3 ) concentrations were determined in the laboratory using the standard analytical procedures (Table 1) as recommended by the American Public Health Association (2005) [11] . The chargebalance error of the water samples is >5%, which is within the limits of acceptability.
The correlation analysis to establish the relationships between physicochemical characteristics of water samples was done. The Water Quality Index (WQI) was also derived from analyzed parameter, for determining groundwater quality and its suitability fordrinking purposes.
Based on the physico-chemical analyses, irrigation quality parameters like sodium absorption ratio (SAR), %Na, residual sodium carbonate (RSC), soluble sodium percentage (SSP), permeability index (PI), Kelley's Index (KI) and magnesium hazard (MH) were calculated. The suitability of the water from the groundwater sources for irrigation purposes was evaluated by comparing the values of different water quality parameters with those of the Bureau of Indian standards (BIS 1998) [12] for drinking water. 
Results
Groundwater Quality Analysis for Drinking
General Parameters Analysis
The values of pH in the groundwater samples collected from the study area varied from 7.06 to 8.80, indicating a slightly acidic to slightly basic nature. All the samples showed a pH value within the permissible limit of 6.5 -8.5 [12] , except sample number W16 and W17. The analytical results for the groundwater samples of the study area are presented in Table 2 . The electrical conductivity (EC) of groundwater in the study area varies widely and ranges between 860 and 6770 µS/cm and 19 samples showed the conductivity value higher than permissible limit of 3000 µS/cm [12] .
The TDS values varied between 70 and 4401 mg/L and 9 samples showed TDS value above the permissible limit of 2000 mg/L [2] . Water hardness is caused primarily by the presence of cations such as calcium and magnesium and anions such as carbonate, [12] . The concentration of sodium and potassium ranged from 28 to 373 and 0.5 to 3.9 mg/L, respectively. Among the 37 samples, 18.92% was having high sodium content above the permissible limit of 200 mg/L [12] , while all the samples showed a potassium concentration within the permissible limit of 10 mg/L. The concentration of calcium and magnesium was in the range of 20 to 506.94 and 22 to 130 mg/L, respectively. Among 37 samples, only 7 and 1 samples was having higher calcium and magnesium content in comparison to their BIS permissible limit of 200 and 100 mg/L, respectively.
Bicarbonate is the predominant anion in the post-monsoon season samples, ranging from 32 to 755 mg/L, except for three sample (i.e., sample No. W23, W26 and W29) in which chloride concentration was higher than that of bicarbonate. In the area of investigation, the chlorides are in the range of 11.7 to 350 mg/L during post-monsoon, and it was found that all the samples was having chloride values within the permissible limit of 1000 mg/L (BIS 1998). The sulfate content in the groundwater during the postmonsoon season varies from 32 to 170 mg/L, well within the permissible limit of 400 mg/L [12] . The nitrate concentration in the region ranges from below detected limit to 31 mg/L. Among the 37 samples, all sample well below the permissible limit of 45 mg/L [12] .
The correlation coefficient matrix of the groundwater parameters are shown in Table  3 . The moderate positive correlation coefficient (r = 0.55) has observed between Cl − -3 NO − referring to the anthropogenic sources of these elements (discharging of agricultural wastewater to the surface water). 
Water Quality Index (WQI) Analysis
Water quality index (WQI) method is useful for representing impairment of water quality. WQI helps for the supervision of water quality issues and improve the usefulness of shielding actions. It is an important parameter to classify water quality for suitability of drinking purposes [3] . The standards for drinking purposes as recommended by BIS (1998) have been considered for the calculation of WQI (Table 1) . WQI calculation has been done by assigning weights (wi) according to relative importance of each chemical parameter for drinking purposes ( Table 4 ). The parameters like total dissolved solids, chloride sulfate and nitrate has been assigned highest weight 5 because of the chief significance in water quality valuation [13] . Other parameters like calcium, magnesium, sodium, total hardness (TH), manganese and potassium were gave weight between 1 and 5 depending on their prominence in water quality purpose. The relative weight (Wi) is computed (Table 4 ) from the following Equation:
where, Wi is the relative weight, wi is the weight of each parameter and n is the number of parameters. A quality rating scale (q i ) for each parameter is assigned by dividing its concentration in each water sample by its respective standard according to the guidelines laid down in the [14] and the result is multiplied by 100:
where, q i is the quality rating, C i is the concentration of each chemical parameter in each water sample in milligrams per liter, S i is the Indian drinking water standard for each chemical parameter in milligrams per liter according to the guidelines of the [12] .
For computing the WQI, the SI is first determined for each chemical parameter, which is then used to determine the WQI as per the following equation: 
where, SIi is the sub-index of ith parameter, qi is the rating based on concentration of ith parameter, n is the number of parameters. The WQI range and type of water can be classified as excellent water (<50); good water (50 -100); poor water (100 -200); very poor water (200 -300); water unsuitable for drinking purposes (>300) ( Table 3 ). The
calculated WQI values of the study area range from 88.0 to 307.61.
Out of 37 groundwater sample, 5.41% in represents good water, 62.16% indicate poor water, and 29.73% shows very poor water and 2.7% indicate water unsuitable for drinking purposes. This may be due to effective leaching of ions, overexploitation of groundwater, direct discharge of effluents, and agricultural impact [3] . The high value of WQI at some locations has been found to be mainly from the higher values of nitrate, total dissolved solids, hardness, bicarbonate and manganese in the ground-water.
Groundwater Quality Analysis for Irrigation
The irrigation practice is mainly dependent upon water quality, type of soil and type of crop. The productivity of irrigation has been hampered by high amounts of soluble ions in irrigation water; this water affects crop and soil fertility. The biochemical effects disturb crop metabolism. The important chemical constituents that affect the suitability of water for irrigation, which can be utilized to verify the suitability, are as follows
Salinity Index
Based on the analysis, the groundwater samples have been classified [14] and are given in Table 5 . It is found that all the samples collected during the post-monsoon season of the year 2014 are categorized under high to high extensive salinity classes. The Groundwater quality index value for irrigation is given in Table 6 . The majority of the samples (62.16%) belong to the high salinity category, representative that the water is of permissible quality. Those high salinity (class 3) exhibiting value are suitable for irrigating 
SAR or Sodicity Index
High sodium-depositing waters are largely not appropriate for watering the soils, as developed deposition of sodium may worsen the soil physical characteristics. Therefore, SAR is reflected a superior quantity of sodium threat in irrigation, as SAR of water is directly connected to the adsorption of sodium by topsoil and is a valued measure for decisive the appropriateness of the water for irrigation. The SAR is used to predict the sodium hazard of high carbonate waters, particularly if they contain no residual alkali. The SAR which is computed as below.
where all cationic concentrations are expressed in equivalents per million or mill equivalents per litre. The grouping of groundwater samples from the study area with respect to SAR [15] is represented in Table 7 . During post-monsoon, the SAR value of all the samples are found to be less than 10 and are classified as excellent for irrigation (i.e. S1 category).
%Na
The Wilcox (1995) and Richards (1954) have been used to categorize and recognize the elementary properties of the chemical composition of groundwater, since the mineral properties of water that effects plants and soil are measured by the suitability groundwater for irrigation. Percent sodium can be determined using the following formula:
( )
where the quantities of Ca 2+ , Mg 2+ , Na + and K + are expressed in milliequivalents per liter or equivalents per million. The classification of groundwater samples with respect to percent sodium is shown in Table 8 and it was found that 20 samples (54.05%) belong to the excellent to good category, 9 samples in good water class, 3 samples in permissible water class, 4 samples in doubtful water class and 1 sample unsuitable water class. 
Soluble Sodium Percentage (SSP)
Groundwater quality for agricultural purposes in the Ghod river basin shows variation between excellent and good based on Todd's classification of SSP values, which is calculated as:
Na SSP 100 Ca Mg Na
where all concentrations are in milliequivalents per liter. The SSP values ranged from 7.13 to 80.09 for the post-monsoon season of the year 2014 (Table 6 ). Out of 37 samples, 6 samples unsuitable for irrigation, 31 samples suitable for irrigation.
Residual Sodium Carbonate (RSC)
In addition to the SAR and %Na, the additional carbonate in groundwater over the sum of calcium and magnesium also influences the suitability of groundwater for irrigation. The high concentration sodium bicarbonate and carbonate is measured the damaging physical properties of soils, as there is tendency for calcium and magnesium to precipitate as the water in the soil. The relative proportion of sodium in the water is increased in the form of sodium carbonate, and this excess, denoted by RSC, is calculated as follows ( )
RSC CO HCO Ca Mg
In addition where all ionic concentrations are expressed in equivalents per million or milliequivalents per liter. The groundwater in the study area is classified on the basis of RSC after Richards 1954 and the results are presented in Table 9 for the post-monsoon seasons. Based on the RSC values, 8.11% samples showed RSC values more than 2.50 epm, reflected to unsuitable for irrigation. The negative RSC values in 31 samples indicated that dissolve Ca 2+ and Mg 2+ ion contents was more than the 
Permeability Index (PI)
The PI values also indicate suitability of groundwater for irrigation, as the soil permeability is affected by long-term use of irrigation water, influenced by the Na + , Ca 2+ , Mg 2+ , and 3 HCO − contents of the soil. Ragunath (1987) [7] and Doneen (1964) [8] Kelly's index of more than 1 shows an extra concentration of sodium in waters (Table  11) . Hence, groundwater's with a Kelly's index less than 1 are suitable for irrigation, while those with a ratio more than 1 are unsuitable. Kelly's index in the present study varied from 0.11 to 3.71. The sample number W18, W19, W20, W21, W24 and W31 are unsuitable for irrigation based on Kelly index.
Magnesium Hazard (MH)
The Calcium and magnesium do not behave equally in the soil system, and magnesium deteriorates soil structure particularly when waters are sodium dominated and highly saline. A high level of Mg is usually due to the presence of exchangeable Na in irrigated 
The MH values are reported to be in the range of 15.58% to 72.78%. Out the 37 samples, 23.4% of the samples showed a magnesium ratio below 50%, suggesting their suitability, while only 76.6% fall in the unsuitable category with MH more than 50%, indicating their adverse effect on crop yield (Table 12 ).
Boron
The groundwater samples containing boron is in the range of below detection limit to 8.01 mg/L. The proposed limits of boron concentration in irrigation water and the total number of groundwater samples of the study area representing the boron classes (McCarthy and Ellery 1994) are presented in (Table 13 ). In semi sensitive crop type 14 samples are unsuitable and Semi-tolerant and tolerant crops 10 samples are unsuitable.
Discussion
The groundwater sources in the Ghod River basin, Pune District, were evaluated for their chemical configuration and suitability for irrigation uses. Physico-chemical analyses of groundwater revealed that there are substantial changes observed in the pH and EC during pre-monsoonal period. The subsurface aquifer system buffers the alkaline pH towards neutral at near dam site. However, lower reaches get accumulated show gradual increase in the pH values. Further, variation EC values indicate highly saline water in the middle part of study area. 4 is from anthropogenic source while, Cl enters through subsurface aqueous system as the result of groundwater salinization. However, NO 3 enters in groundwater system as partial fractions of anthropogenic inputs (nitrogenous fertilizers) from agricultural activity.
The suitability of groundwater for irrigation was evaluated based on the irrigation quality parameters like boron, SAR, %Na, RSC, SSP, permeability index, Kelley's ratio, and magnesium hazard. Among these parameters, SAR, boron, KI, MH, MR, and %Na imply that the water samples fall in excellent, suitable, unsuitable, safe to unsafe, and excellent to permissible, respectively, for irrigation. RSC values specify that water samples belong to good to unsuitable classes. Permeability index recommends that the water samples from the Dimbhe command area, belonging to classes 1 and 2, are suitable for irrigation. Water that is not suitable based on the above classification may be suitable in well-drained soils.
Conclusions
Groundwater quality and its suitability for domestic and agricultural uses in the Dimbhe command area of River Ghod, Maharashtra, India were evaluated since it is a major source of water for domestic and agricultural activities in the study area.
The statistical analyses were used for determining the groundwater quality variations. A correlation analysis between two hydrochemical parameters groups of species is showing moderate correlation. The cause of this situation is suggested that the simultaneous increase/decrease in the parameter (pH, TDS, Ca, Na, Cl and NO 3 ) is the consequence chiefly of dissolution/precipitation reaction and concentration effects.
Water Quality Index was used to determine the groundwater quality and its suitability for drinking purposes. According to the WQI, 5.41% of groundwater samples represent ''Goodwater'', 62.16% indicate ''poor water'', and 29.73% show ''very poor water'' and 2.7% "unsuitable water". This situation was thought to be due to effective leaching of ions, overexploitation of groundwater, direct discharge of effluents, and agricultural impact.
The various indices derived in the study indicate that the most of groundwater of the study area is suitable for agriculture irrigation use. The long-term use of such groundwater for irrigation will induce sodium hazard to soils. It will have negative impacts on the yields of crops and properties of soils. However, mixing of low and high salinity water is recommended before irrigation to reduce the salinity hazard in local areas.
Finally, based on these studies, recommendations have been made to the local authorities to adopt conjunctive use of surface water with groundwater to stringently monitor and control low groundwater quality regions to ensure sustainable safe use of the resource.
